ABSTRACT -The present study was conducted to determine the relationship between milk urea nitrogen (MUN) and milk yield, fat and protein contents, breed and season effects, parity and days in milk in dairy cows from Paraná State, Brazil. collected during the winter were higher than those collected in the other seasons. The effects of the lactation stage on MUN were significant, with the highest MUN values observed in the sixth month of lactation. High-producing dairy cows showed higher milk urea concentrations but several environmental factors may contribute to reduce this important parameter of diet utilization efficiency.
Introduction
As a result of environmental and genetic improvements and the development and implementation of new technologies in the dairy industry, currently dairy cows produce larger amounts of milk and its components. In order to meet the nutritional requirements of higher-producing cows, it is essential to use more elaborated diets. During lactation, the dietary demand for nitrogen compounds (N) is critical because the secretion of milk proteins is higher, thus increasing blood urea concentrations and consequently milk urea concentrations. Milk urea nitrogen (MUN) has been used as an indicator to monitor the protein-energy balance of lactating cows (Jonker et al., 1999; Godden et al., 2001b) , once it shows a high correlation with plasma and blood urea nitrogen (Roseler et al., 1993; Lucci et al., 2006) . The samples to determine MUN were collected using a noninvasive and direct method through milk samples collected during milking, thus representing a simple, fast and cheap indicator to investigate the nutritional condition of lactating cows (Roseler et al., 1993; Butler et al., 1995) .
Normal MUN values range from 10 to 14 mg/dL Johnson & Young, 2003; Rajala-Schultz & Saville, 2003) . These concentrations can vary from one herd to another, between groups of cows, and between cows of the same herd. Monitoring MUN monthly can be an important tool for dairy cattle management, and since protein supplements are expensive, the overconsumption of N can affect reproductive efficiency, and the excess of N excretion has a negative environmental impact (Ferguson et al., 1988; Rajala-Schultz & Saville, 2003) .
Although diet composition -especially crude protein (CP), rumen degradable and undegradable proteins (RDP and RUP) and nonstructural carbohydrates (NSC) -and feeding practices adopted in herds influence MUN concentrations (Godden et al., 2001b) , other factors can change these values (Carlsson et al., 1995) . Based on studies with dairy herds enrolled in a monthly milk recording program (Godden et al., 2001a,b; Arunvipas et al., 2003; Johnson & Young, 2003; Rajala-Schultz & Saville, 2003; Wattiaux et al., 2005) , it was found that several non-nutritional factors are associated with MUN concentrations.
The objective of this study was to determine the relationship between MUN levels and non-nutritional factors such as milk yield, fat and protein contents, breed and season effects, parity and days in milk in dairy cows from the Paraná State, enrolled in an official milk recording program. In the edition of the database, the test-days from animals whose calving date was not registered and from herds outside Paraná State and from non-dairy or nontraditional breeds were discarded. Only the test-days from Holstein, Jersey, Brown Swiss, Crossbreds and Girolando genetic groups were kept. Girolando and crossbred cows were merged in a single group called "Crossbreds". Test-days from cows with days in milk above 1,905 days (3 years), test-days with negative age, and with age at calving below 18 months or above 150 months were removed as well. Testdays without production data, production lower than 1 liter/ cow/day, fat percentages <1% and >9%, protein percentages <1% and >7%, somatic cell count (SCC) equal to zero and test-days with MUN values <1 mg/dL or >50 mg/dL were also eliminated. A MUN frequency distribution was designed to determine whether values followed a normal distribution. Herds with four or fewer test-day months during the study period, and herds with less than 100 testdays over the entire period analyzed were also rejected.
Material and Methods
The equipment used to determine MUN was the Bentley Instruments ® ChemSpec150 from the PARLPR laboratoryLaboratório Centralizado de Análise de Leite -located in Curitiba, Paraná State. This automated equipment can analyze up to 150 samples of MUN per hour, through an enzymatic and spectrophotometry in a trans-reflectance cell methodology.
The descriptive data analysis was performed for herds, region, breed, lactation number, season of the year, milking frequency and days in milk through PROC FREQ of SAS (Statistical Analysis System, version 9.0). Pearson correlations between MUN, milk yield and the main milk components were estimated using PROC CORR of SAS. The significance of region, breed, lactation number, season, days in milk (15 categories of 30 days in milk each) and milking frequency fixed effects in MUN were determined by SAS MIXED procedure (Statistical Analysis System, version 9.0) using a multiple linear regression model. The linear effect of milk yield was estimated by the REG procedure of SAS (Statistical Analysis System, version 9.0) and included in the statistic model as covariable. Herd nested in the region was included in the model as a random effect. As Wattiaux et al. (2005) , in his study with 400,729 MUN test-days in the Midwestern United States, it was not possible to include the cow random effect in the model because computational resources were insufficient. Differences between the adjusted means were determined by the TukeyKramer test, with 1% probability.
Results and Discussion
The average concentration of milk urea nitrogen was 14.45±4.60 mg/dL (Table 1) , a value slightly above the maximum limit suggested for this parameter (between 10 and 14 mg/dL), and consistent with several review studies Jonker et al., 1998; Rajala-Schultz & Saville, 2003; Johnson & Young, 2003; Meyer et al., 2006; Cordeiro et al., 2007) .
Many studies have reported that both high (Payne & Payne, 1987; Jonker et al., 1998; Godden et al., 2001b) and low (Roseler et al., 1993; Godden et al., 2001b ) MUN concentrations may indicate problems in dairy cattle herds. High MUN values may be a sign of excessive rumen degradable protein (RDP) and/or rumen undegradable protein (RUP) in the diet, low rumen fermentation rate of non-fiber carbohydrates (NFC) or increased CP:NSC ratio. Low values of MUN may be a sign of CP deficiency in the diet, limited dietary amounts of RDP and RUP or high NSC fermentation rate in the rumen (Godden et al., 2001b) . Payne & Payne (1987) , Roseler et al. (1993) , Jonker et al. (1998) and Pina et al. (2006) recognized the importance of energy and protein balance to prevent the body from excreting large amounts of nitrogen. Oltner & Wiktorsson (1983) and Hoffman & Steinhöfel (1990) showed that variations in protein intake did not affect MUN when the protein-energy ratio was preserved. Animals have an average daily milk yield of 32.4±11.5 kg/day and fat and protein percentages of 3.40±0.73% and 3.13±0.35%, respectively. These results are similar to those found by Rajala-Schultz & Saville (2003) and Meyer et al. (2006) . The general means for age at calving and days in milk were 45.8±21.8 months and 205±141 days, respectively. It is important to point out that the animals included in this database were young, mostly Holsteins and with a high milk production and correct milk composition. This shows that milk urea analysis is more frequently performed in high-producing herds, since it is collected in a voluntary basis and represents an extra cost in the monthly milk recording. In fact, in 2010, the APCBRH kept in official milk recording program 1,274 herds with an average milk production of 27.3 kg/day, 5 kg/day less than the average milk production of the database analyzed in the present study (APCBRH, 2011) .
The linear correlation between MUN and milk yield was moderate and positive (r = 0.34; P<0.01), similarly to the results found by Joknker et al. (1998) and Meyer et al. (2006) , confirming that higher-producing groups and herds can present higher MUN values. Therefore, the milk production covariable was included in the model, being an important source of variation (P<0.01) in milk urea.
As recommended by the NRC (2001), cows fed according to the lactation stage have their milk production increased; however, the amount of crude protein consumed also goes up. Supplementary protein can improve milk production by providing more amino acids for milk protein synthesis, increasing the energy available through amino acid deamination or changing the utilization efficiency of the absorbed nutrients by the body (Chalupa, 1984) . Consequently, high protein levels in the diet cause more ammonia to be available in the rumen, which can increase MUN concentrations . Godden et al. (2001a) observed a high positive but non-linear correlation between MUN and milk production and suggested that this result would be due to the use of diets rich in protein for high-production cows. According to Meyer et al. (2006) , a possible explanation for the increase in MUN concentrations, regarding the increase in milk production, might be the fact that the most limiting nutrient for high-production cows is energy. Therefore, in order to obtain the required energy intake, the animal would increase the dry matter (DM) intake, thus consuming protein in excess when compared with energy.
On the other hand, Gustafsson & Carlsson (1993) and Eicher et al. (1999) did not find any correlations between urea and milk production, whereas Trevaskis & Fulkerson (1999) observed that milk production in pasture-raised cows was negatively associated to milk urea concentration.
The correlations between MUN and fat and protein contents were negative and of lower magnitude (r = -0.11; P<0.01), consistent with the reports of Godden et al. (2001a) and Johnson & Young (2003) . Johnson & Young (2003) found that the higher the milk protein content, the smaller the MUN values. This pattern was also observed by the same authors for milk fat percentage but to a lesser extent. Carlsson & Bergström (1994) reported that an increase in milk fat percentage can have a negative effect in MUN concentration, whereas Meyer et al. (2006) found a positive correlation between MUN and the major milk components. In the present study, the phenotypic correlations between MUN and lactose content, total solids content and somatic cell count were +0.16, -0.07 and -0.13, respectively.
All the fixed effects included in the statistical model influenced MUN (P<0.01). MUN adjusted mean for Holsteins was lower (P<0.01) than those of crossbreds, Jerseys and Brown Swiss cows: 14.18; 15.49; 16.12 and 17.62 mg/dL, respectively (Figure 1) . These results contrast with those found by Johnson & Young (2003) . They observed higher MUN values for Holsteins (15.5 mg/dL) and lower values for Jersey cows (14.1 mg/dL).
On the other hand, Jonker et al. (1998) reported that body weight is negatively correlated with MUN in dairy cows, consistent with the results found in the present study. There was no certainty for what caused the differences in MUN values among the different genetic (Figure 2 ). This result is similar to those presented by Jonker et al. (1998) , but contrasts with those found by Oltner et al. (1985) , Ferguson (1999) , Arunvipas et al. (2003) and Johnson & Young (2003) . They reported lower MUN values in firstlactation cows and ascribe this to the faster metabolism of these animals and consequently, greater amino acid utilization efficiency and lower conversion to urea. This can also be explained simply by the lower milk production of first-lactation cows.
The higher MUN values for younger cows found in this study may indicate an excess of dietary crude protein, since first-lactation cows in many dairy herds in Paraná State, although less productive, are fed the same diet of adult high-producing cows.
Concentrations of milk urea nitrogen were higher (P<0.01) during the winter (16.24 mg/dL), intermediate during the spring (15.88 mg/dL) and lower during the fall and summer (15.69 and 15.60 mg/dL, respectively) (Figure 3) . These results are opposite to those found by Carlsson et al. (1995) , Godden et al. (2001) , Arunvipas et al. (2002) and Rajala-Schultz & Saville (2003) . They observed higher MUN values during the hottest seasons of the year. Moller et al. (1993) stated that the variation in MUN was due to the seasonal variations in pasture protein and energy components. Spring pasture is rich in protein (more than 20% of CP) and poor in soluble carbohydrates, thus creating an increased protein-energy ratio, which can result in high MUN concentrations. In the present study, increased MUN concentrations during the winter are probably due to the greater availability of winter grasses rich in protein, common at this time of the year in Brazil and especially in the Campos Gerais region, Paraná State, the main origin of the database analyzed.
The variation in MUN values according to the lactation stage is similar to the typical shape of a lactation curve (Figure 4) . However, in the present study, MUN concentrations peaked between 151 and 180 days in milk (16.35 mg/dL), whereas milk production peaked around 45-60 days (NRC, 2001) . Carlsson et al. (1995) , Trevaskis & Fulkerson (1999) and Rajala-Schultz & Saville (2003) reported similar patterns. The reason MUN had its peak around the middle of the lactation period is probably due to the higher consumption of dry matter and consequently of crude protein during this stage of lactation. Godden et al. (2001a) reported a positive but non-linear correlation between milk urea and days in milk and observed that MUN concentrations were lower in the first 60 days, increased between 60 and 150 and decreased after 150 days in lactation. According to Godden et al. (2001a) , differences in DM intake, rumen microbial adaptation and the absorptive capacity may have caused the differences in milk urea during the different stages of lactation. Arunvipas et al. (2002) associated the lowest MUN level during the first month of lactation (10.14 mg/dL) explained by the low DM intake during this period. MUN reached its peak at the fourth month of lactation (11.80 mg/dL) due to the increase in DM intake, and decreased at the end of lactation (10.56 mg/dL) as Lucci et al. (2006) found that the concentrations of plasma and milk urea nitrogen increased throughout the weeks after calving, which was attributed to the higher CP content of the feed consumed as soon as they started the lactation period. Cows milked more frequently (3 times/day) had higher (P<0.01) MUN concentrations (16.40 mg/dL) than cows milked twice a day (15.31 mg/dL). According to Jonker et al. (1998) , this is probably caused by the higher intake of crude protein by higher-producing cows.
Conclusions
Milk urea nitrogen concentrations are positively associated with milk production. Several effects seem to affect milk urea nitrogen, especially the effects of season (higher milk urea nitrogen values during winter), breed (lower values for Holsteins cows), parity (higher values for younger cows) and days in milk (higher values at the sixth month of lactation). 
